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Abstract
Purpose Cardiovascular disease (CVD) is a leading cause of mortality globally and is strongly influenced by dietary risk 
factors. The aim was to assess the association between egg consumption and risk of CVD risk/mortality, including coronary 
heart disease (CHD), stroke, and heart failure.
Methods MEDLINE, Embase, and Web of Science databases were searched through April 2020 for prospective studies. 
Two independent reviewers screened and extracted the data through standardized methods. Size effects were calculated as 
summary relative risks (SRRs) in a dose–response fashion through random-effects meta-analyses.
Results Thirty-nine studies including nearly 2 million individuals and 85,053 CHD, 25,103 stroke, 7536 heart failure, 
and 147,124 CVD cases were included. The summary analysis including 17 datasets from 14 studies conducted on CVD 
(incidence and/or mortality) showed that intake of up to six eggs per week is inversely associated with CVD events, when 
compared to no consumption [for four eggs per week, SRR = 0.95 (95% CI: 0.90; 1.00)]; a decreased risk of CVD incidence 
was observed for consumption of up to one egg per day [SRR = 0.94 (95% CI: 0.89; 0.99)]. The summary analysis for CHD 
incidence/mortality including 24 datasets from 16 studies showed a decreased risk up to two eggs per week [(SRR = 0.96 
(95% CI: 0.91; 1.00)]. No associations were retrieved with risk of stroke. The summary analysis for heart failure risk includ-
ing six datasets from four studies showed that intake of one egg per day was associated with increased risk raising for higher 
intakes compared to no consumption [for 1 egg per day, SRR = 1.15 (95% CI:1.02; 1.30)]. After considering GRADE criteria 
for strength of the evidence, it was rated low for all outcomes but stroke, for which it was moderate (yet referring to no risk).
Conclusion There is no conclusive evidence on the role of egg in CVD risk, despite the fact that higher quality studies are 
warranted to obtain stronger evidence for a possible protection of CVD associated with moderate weekly egg consumption 
compared to no intake; equally, future studies may strengthen the evidence for increased heart failure risk associated with 
high regular egg consumption.
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Introduction
Cardiovascular disease (CVD) represents the leading cause 
of mortality globally, responsible for a total of about 18 
million deaths in 2017, while increasing from 12.3 million 
in 1990 [1]. Nutritional risk factors have been considered 
of paramount importance to prevent the global burden of 
CVD [2,3]. Among the many factors widely studied over 
the last decades, dietary cholesterol has been the focus of 
major attention due to the relationship between blood cho-
lesterol and increased risk of CVD firstly observed in the 
Framingham Heart Study nearly half century ago and ever 
since considered as risk factor [4]. Eggs, as major sources 
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of dietary cholesterol (200–300 mg/100 g, about 180 mg 
per medium egg), have been subsequently advised to be 
consumed in moderation to lower dietary cholesterol intake 
[5]. However, current evidence on the association between 
dietary cholesterol and CVD risk is not consistent [6]. In 
2000 the American Heart Association advised consumption 
of up to one egg per day [7] and nearly 10 years later the US 
Dietary Guidelines Advisory Committee eliminated choles-
terol restrictions from the latest US dietary guidelines [8]. 
Nonetheless, the general opinion on egg consumption might 
be misled and food advertising and media campaigns spon-
soring and claiming cholesterol-free products as healthier 
(sometimes supplemented with added sugars) are common. 
As specifically for egg consumption, a comprehensive sum-
mary of evidence reported repeatedly null and contrast-
ing findings, suggesting that meta-analytic studies need to 
better investigate potential confounding effects of relevant 
variables (i.e., sex, geographical area, adjustment for health 
or dietary variables, etc.) [9]. However, more prospective 
cohort studies have been published so far: specifically, a later 
study involving 6 US cohorts showed that egg consump-
tion was associated with increased risk of CVD and that 
the detrimental cardiovascular effect of egg consumption 
was mainly driven by dietary cholesterol, once more sug-
gesting the need to limit eggs consumption. In light of such 
considerations, the aim of this study was to update current 
evidence on the association between egg consumption and 
CVD risk while assessing whether confounding factors may 
play a role in such relation.
Methods
Study design
The design, analysis, and reporting of this study followed 
the meta-analysis of Observational Studies in Epidemiol-
ogy (MOOSE) guidelines (ESM Table 1). A systematic 
search on PubMed (https ://www.ncbi.nlm.nih.gov/pubme 
d/), EMBASE (https ://www.embas e.com/), Web of Science 
(www.webof knowl edge.com) databases of studies pub-
lished up to April 2020 was performed with the following 
search strategy: “[(egg OR eggs) AND (coronary heart dis-
ease OR myocardial infarction OR ischemic heart disease 
OR ischemic heart disease OR coronary artery disease OR 
heart disease OR stroke OR cardiovascular disease OR heart 
failure)] AND (cohort OR prospective OR longitudinal OR 
follow-up)”. Studies were selected if they met the follow-
ing inclusion criteria: (i) they were conducted on general 
population of human adults (i.e., no patients recruited in 
hospitals); (ii) had a prospective design; (iii) evaluated asso-
ciations between egg intake and risk of CVD (fatal and non-
fatal), cardiovascular-related outcomes (such as coronary 
heart disease [CHD] and stroke, fatal and non-fatal), and 
heart failure; (iv) assessed and reported hazard ratios (HRs) 
or risk ratios (RRs) and their corresponding 95% CI for ≥ 3 
exposure categories (egg consumption) or provided HRs 
for increased intake of egg (as a continuous variable); and 
(v) provided a defined amount of egg consumption per cat-
egory of exposure (i.e., servings of eggs per day or week). 
Reference lists of studies of interest were also examined for 
any additional study not previously identified. If more than 
one study was conducted on the same cohort, only the data-
set including the larger number of individuals, the longest 
follow-up, or the most comprehensive data (i.e., number of 
cases and person-year for each category of exposure) was 
included on a case by case situation, depending on the analy-
sis performed (see below). We did not exclude studies based 
on language or publication date. All references were evalu-
ated by two independent reviewers (J.G., G.G.) with a third 
reviewer (A.M.) available in case of disagreement.
Data extraction
Data were abstracted by the two independent reviewers from 
each identified study using a standardized extraction form. 
The following information was collected: (i) first author 
name; (ii) year of publication; (iii) study cohort name and 
country; (iv) number, sex, and age (mean or range) of par-
ticipants; (v) follow-up period; (vi) endpoints and cases; 
(vii) distributions of cases and person-years, HRs and 95% 
CIs for all categories of exposure; (viii) covariates used in 
adjustments.
Risk of bias and quality assessment
Risk of bias was assessed using the Cochrane Risk of bias 
in Non-randomized Studies of Interventions (ROBINS-I) 
tool previously used in comprehensive meta-analyses with 
similar outcomes [10, 11]. The tool consists of the follow-
ing seven domains: (1) confounding, (2) selection of par-
ticipants, (3) measurement of the exposure, (4) misclassifi-
cation of exposure during follow-up, (5) missing data, (6) 
measurement of outcomes and (7) selective reporting. Two 
researchers (J.G. and A. M.) assessed the risk of bias inde-
pendently. Any disagreements were resolved by consensus 
or by consultation of a third researcher.
Outcomes
Outcomes evaluated in the analyses included total CVD, 
CHD, and stroke (including sub-types hemorrhagic and 
ischemic stroke) incidence and mortality. Also risk of heart 
failure incidence was assessed.
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Statistical analysis
When egg consumption was reported by ranges of intake, 
the midpoint of the range was used. When the highest cat-
egory was open-ended, we assumed the width of the cat-
egory to be the same as the adjacent category. When the 
lowest category was open-ended, we set the lower bound-
ary to zero. Two-stage random-effects dose–response 
meta-analysis was performed to examine linear and 
non-linear relationship between egg consumption and 
CVD outcomes. In the first stage the method reported 
by Greenland and Orsini (generalized least-squares, 
GLS) was used to calculate study-specific coefficients 
on the basis of results across categories of egg consump-
tion taking into account the correlation within each set 
of retrieved HRs [12,13]. Non-linear dose–response 
analysis was modeled using restricted cubic splines with 
three knots at fixed percentiles (25%, 50%, and 75%) 
of the distribution [14]. We combined the coefficients 
that had been estimated within each study by performing 
random-effects meta-analysis. In linear dose–response 
meta-analysis the method of DerSimonian and Laird was 
used and in non-linear dose–response meta-analysis the 
multivariate extension of the method of moments was 
used to estimate summary relative risks (SRRs). We cal-
culated an overall P value by testing that the two regres-
sion coefficients were simultaneously equal to zero. We 
then calculated a P value for non-linearity by testing that 
the coefficient of the second spline was equal to zero. 
A subgroup analysis was conducted for those studies 
providing risk measures by diabetic status. A number of 
sensitivity analyses were conducted to test stability of 
results, including (i) exclusion of one study at the time, 
(ii) exclusion of studies that did not report number of 
cases and person-years for each category of exposure, 
and (iii) stratifying studies by variables of interest (such 
as sex, geographical localization of the cohort, level of 
adjustment for body mass index [BMI], diabetic status, 
and other dietary factors, and study quality). To facili-
tate interpretation of the results and easy application for 
dietary advices for the general population, the analyses 
were provided in depth for arbitrarily defined doses, such 
as “habitual” (daily) egg consumption corresponding to 
one egg per day, and “moderate” (weekly) egg consump-
tion corresponding to four eggs per week. Publication 
bias was assessed with Egger’s regression test. Statistical 
heterogeneity between studies was assessed using the χ2 
test (defined as a P value less than 0.10) and quantified 
through the multivariate generalization of the I2 statis-
tic. All analyses were performed with R software version 
3.0.3, dosresmeta and mvmeta packages (Development 
Core Team, Vienna, Austria).
Grading of the evidence
The certainty of the evidence was assessed using the Grad-
ing of Recommendations, Assessment, Development, and 
Evaluation (GRADE) system [15]. Included observational 
studies started at low-certainty of evidence by default and 
then were downgraded or upgraded based on pre-specified 
criteria. Criteria to downgrade certainty included study limi-
tations (weight of studies showing risk of bias by ROBINS-
I), inconsistency (substantial unexplained inter-study hetero-
geneity, I2 ≥ 50% and Phet < 0.10), indirectness (presence of 
factors relating to the population, exposures and outcomes 
that limit generalizability), imprecision [95% CIs were wide 
or crossed a minimally important difference of 5% (SRR 
0.95–1.05) for all CVD outcomes] and publication bias [sig-
nificant evidence of small-study effects). Criteria to upgrade 
included a large effect size (SRR > 2 or SRR < 0.5 in the 
absence of plausible confounders], a dose–response gradient 
and attenuation by plausible confounding effects.
Results
Study characteristics
Out of 291 initial references identified, a total of 39 stud-
ies [16–54] were selected based on 38 cohorts providing 
data on CHD (1,831,038 individuals and 85,053 cases), 
stroke (761,962 individuals and 25,103 cases), heart failure 
(254,588 individuals and 7536 cases), and CVD (1,117,033 
individuals and 147,124 cases) outcomes (Fig. 1). A detailed 
description of the studies included is presented in Table 1. 
From the 38 individual cohorts, 16 were from North Amer-
ica, 9 from Europe, 9 from Asia and one from Iran, and 3 
multinational cohorts. One of the studies from North Amer-
ica included a pooled analysis of 6 US cohorts (pooled data 
was used in this meta-analysis). All studies had adequate 
follow-up to assess occurrence of the outcomes investigated 
(ranging from 3 to 32 years of mean follow-up). All studies 
scored moderate or serious risk of bias; a detailed descrip-
tion of judgment of potential risk of bias is given in the 
online supplementary materials (ESM Table 2). All but four 
studies [25, 28, 32, 34] provided full data of interest for bet-
ter risk estimation (number of cases and person-years for 
each category of exposure), most of studies reported analy-
ses adjusted for potential confounders investigated: among 
other dietary factors, besides total energy intake nearly 
always considered, also intake of other food groups (fruit/
vegetable, whole grains, meat), macronutrients (trans-fats, 
protein) and fiber have been considered. Subgroup analyses 
were conducted through sex- and diabetic-specific groups, 
including nine studies provided separate risk estimates for 
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male and female participants, and eight studies for diabetic 
participants.
Egg consumption and cardiovascular outcomes
The dose–response analyses for egg consumption and car-
diovascular outcomes are showed in Fig. 2. The summary 
analysis including 17 datasets from 14 studies conducted 
on CVD (incidence and/or mortality) showed that intake of 
up to six eggs per week is inversely associated with CVD 
events, when comparing to no consumption [SRR = 0.98 
(95% CI: 0.95; 1.00), SRR = 0.96 (95% CI: 0.91; 1.00), 
SRR = 0.95 (95% CI: 0.89; 1.00), SRR = 0.95 (95% CI: 
0.90; 1.00), SRR = 0.95 (95% CI: 0.91; 1.00), SRR = 0.96 
(95% CI: 0.92; 1.00) for 1, 2, 3, 4, 5, and six eggs per week, 
respectively; (I2 = 71.94%, Pheter < 0.001)] with no evidence 
of publication bias (PEgger = 0.772). The analysis restricted 
to CVD mortality showed wide confidence intervals while a 
decreased risk of CVD incidence was observed for consump-
tion of up to 1 egg per day (Table 2).
The summary analysis for CHD incidence/mortality 
including 24 datasets from 16 studies showed a decreased 
risk up to two eggs per week [SRR = 0.96 (95% CI: 0.91; 
1.00), I2 = 82.25%, Pheter < 0.001] compared to no con-
sumption, while higher intake was associated with no 
further reduced risk; no publication bias was detected 
(PEgger = 0.173). Distinction between studies on CHD inci-
dence or mortality showed that the associated reduced risk 
Fig. 1  Flow chart of study iden-
tification and selection process
European Journal of Nutrition 
1 3
Ta
bl
e 
1 
 C
ha
ra
cte
ris
tic
s o
f t
he
 pr
os
pe
cti
ve
 co
ho
rt 
stu
di
es
 se
lec
ted
 fo
r m
eta
-a
na
lys
is
Re
fer
en
ce
s
Co
ho
rt 
na
m
e, 
ye
ar
s o
f 
stu
dy
 (c
ou
nt
ry
)
Fo
llo
w-
up
Sa
m
pl
e, 
se
x, 
ag
e
Ou
tco
m
es
, n
o. 
of
 ca
se
s
Di
et 
as
se
ss
m
en
t
Co
va
ria
te 
ad
ju
stm
en
t
Hu
 [1
6]
HP
FS
, 1
98
6 a
nd
 N
HS
, 
19
80
 (U
S)
8 y
ea
rs 
in
 m
en
 an
d 1
4 
ye
ar
s i
n w
om
en
37
,85
1 m
en
 (4
0–
75
 ye
ar
s) 
an
d 8
0,0
82
 w
om
en
 
(3
4–
59
 ye
ar
s)
86
6 C
HD
 an
d 2
58
 st
ro
ke
 
ev
en
ts 
in
 m
en
 an
d 9
39
 
CH
D 
an
d 5
63
 st
ro
ke
 
ev
en
ts 
in
 w
om
en
Re
pe
ate
d F
FQ
Ag
e, 
BM
I, 
2-
ye
ar
 hi
sto
ry
 
of
 m
yo
ca
rd
ial
 in
far
cti
on
, 
m
ul
tiv
ita
m
in
 su
pp
le-
m
en
t u
se
, v
ita
m
in
 E
, 
m
en
op
au
sa
l h
or
m
on
e 
us
e (
wo
m
en
), 
hi
sto
ry
 of
 
hy
pe
rte
ns
io
n, 
ph
ys
ica
l 
ac
tiv
ity
, a
nd
 to
tal
 en
er
gy
 
in
tak
e
He
 [1
7]
HP
FS
, 1
98
6 (
US
)
14
 ye
ar
s
43
,73
2 (
40
–7
5 y
ea
rs)
 m
en
72
5 s
tro
ke
, 4
55
 is
ch
em
ic 
str
ok
e, 
12
5 h
em
or
rh
ag
ic 
str
ok
e e
ve
nt
s
Re
pe
ate
d F
FQ
BM
I, 
ph
ys
ica
l a
cti
vi
ty,
 
hi
sto
ry
 of
 hy
pe
rte
ns
io
n, 
sm
ok
in
g s
tat
us
, a
sp
iri
n 
us
e, 
m
ul
tiv
ita
m
in
 us
e, 
co
ns
um
pt
io
n o
f a
lco
-
ho
l, 
po
tas
siu
m
, fi
be
r, 
vi
tam
in
 E
, t
ot
al 
se
rv
in
gs
 
of
 fr
ui
t a
nd
 ve
ge
tab
les
, 
to
tal
 en
er
gy
 in
tak
e, 
an
d 
hy
pe
rc
ho
les
ter
ol
em
ia 
at 
ba
se
lin
e
Sa
uv
ag
et 
[1
8]
LS
S,
 19
79
–1
98
1 (
Ja
pa
n)
16
 ye
ar
s
15
,35
0 m
en
 (m
ea
n a
ge
 
54
 ye
ar
s) 
an
d 2
4 9
99
 
wo
m
en
 (m
ea
n a
ge
 
58
 ye
ar
s)
14
62
 st
ro
ke
 ev
en
ts
FF
Q
St
ra
tifi
ed
 by
 se
x a
nd
 bi
rth
 
co
ho
rt,
 ad
ju
ste
d f
or
 ci
ty,
 
ra
di
ati
on
 do
se
, s
elf
-
re
po
rte
d B
M
I, 
sm
ok
in
g 
sta
tu
s, 
alc
oh
ol
 ha
bi
ts,
 
ed
uc
ati
on
 le
ve
l, 
hi
sto
ry
 of
 
di
ab
ete
s, 
or
 hy
pe
rte
ns
io
n
Na
ka
m
ur
a [
19
]
NI
PP
ON
 D
AT
A8
0, 
19
80
 
(Ja
pa
n)
14
 ye
ar
s
51
86
 w
om
en
 (≥
 30
 ye
ar
s) 
an
d 4
07
7 m
en
 (≥
 30
 
ye
ar
s)
11
2 s
tro
ke
 an
d 3
9 C
HD
 
ev
en
ts 
in
 m
en
, 1
07
 
str
ok
e a
nd
 41
 IH
D 
ev
en
ts 
in
 w
om
en
FF
Q
Ag
e, 
se
ru
m
 cr
ea
tin
in
e, 
to
tal
 
ch
ol
es
ter
ol
, b
lo
od
 gl
u-
co
se
, B
M
I, 
sy
sto
lic
 an
d 
di
as
to
lic
 bl
oo
d p
re
ss
ur
es
, 
us
e o
f b
lo
od
 pr
es
su
re
–
lo
we
rin
g d
ru
gs
, c
ig
ar
ett
e 
sm
ok
in
g, 
an
d a
lco
ho
l 
in
tak
e
 European Journal of Nutrition
1 3
Ta
bl
e 
1 
 (c
on
tin
ue
d)
Re
fer
en
ce
s
Co
ho
rt 
na
m
e, 
ye
ar
s o
f 
stu
dy
 (c
ou
nt
ry
)
Fo
llo
w-
up
Sa
m
pl
e, 
se
x, 
ag
e
Ou
tco
m
es
, n
o. 
of
 ca
se
s
Di
et 
as
se
ss
m
en
t
Co
va
ria
te 
ad
ju
stm
en
t
Na
ka
m
ur
a [
20
]
JP
HC
, 1
99
0 (
Ja
pa
n)
10
.2 
ye
ar
s (
m
ea
n)
19
,85
6 m
en
 an
d 2
1,4
08
 
wo
m
en
, a
ge
d 4
0–
59
 
ye
ar
s i
n c
oh
or
t I
; 2
3,4
63
 
m
en
 an
d 2
6,0
08
 w
om
en
, 
ag
ed
 40
–6
9 y
ea
rs 
in
 
co
ho
rt 
II
46
2 C
HD
 ev
en
ts
FF
Q
Ag
e, 
se
x, 
BM
I, 
hy
pe
rte
n-
sio
n, 
di
ab
ete
s, 
us
e o
f 
ch
ol
es
ter
ol
-lo
we
rin
g 
dr
ug
s, 
sm
ok
in
g, 
alc
oh
ol
 
dr
in
ki
ng
, w
he
th
er
 or
 
no
t i
nt
en
de
d t
o a
vo
id
 
ch
ol
es
ter
ol
-ri
ch
 di
ets
, 
co
ns
um
pt
io
n f
re
qu
en
cie
s 
of
 m
ea
t, 
fis
h, 
ve
ge
tab
les
, 
fru
its
, a
nd
 co
ho
rt 
eff
ec
ts
Tr
ich
op
ou
lo
u [
52
]
EP
IC
-G
re
ec
e, 
19
94
–1
99
9 
(G
re
ec
e)
4.5
 ye
ar
s (
m
ea
n)
10
13
 m
en
 an
d w
om
en
 
(2
0–
86
 ye
ar
s)
46
 C
VD
 de
ath
 ev
en
ts
FF
Q
Ge
nd
er,
 ag
e, 
ed
uc
ati
on
al 
lev
el,
 sm
ok
in
g, 
wa
ist
-to
-
he
ig
ht
, h
ip
 ci
rc
um
fer
en
ce
, 
M
ET
 sc
or
e, 
tre
atm
en
t 
wi
th
 in
su
lin
, t
re
atm
en
t 
fo
r h
yp
er
ten
sio
n a
t 
en
ro
llm
en
t, 
tre
atm
en
t 
fo
r h
yp
er
ch
ol
es
ter
ol
em
ia 
at 
en
ro
llm
en
t, 
an
d o
th
er
 
in
di
ca
ted
 fo
od
 g
ro
up
s
Qu
re
sh
i [
21
]
NH
AN
ES
 I,
 19
82
–1
99
2 
(U
S)
20
 ye
ar
s
13
,58
6 m
en
 an
d w
om
en
 
(2
5–
74
 ye
ar
s)
65
5 s
tro
ke
, 1
58
4 M
I a
nd
 
25
3 C
VD
 de
ath
 ev
en
ts
FF
Q
Ag
e, 
ge
nd
er,
 ra
ce
/et
hn
ici
ty,
 
sy
sto
lic
 bl
oo
d p
re
ss
ur
e, 
di
ab
ete
s m
ell
itu
s, 
se
ru
m
 
ch
ol
es
ter
ol
, c
ig
ar
ett
e 
sm
ok
in
g, 
BM
I, 
an
d e
du
-
ca
tio
na
l s
tat
us
Dj
ou
ss
é [
22
]
PH
S,
 19
81
 (U
S)
20
 ye
ar
s
21
,32
7 m
en
 (4
0–
85
 ye
ar
s)
15
50
 M
I, 
13
42
 st
ro
ke
 
ev
en
ts
FF
Q
Ag
e, 
BM
I, 
sm
ok
in
g, 
hi
s-
to
ry
 of
 hy
pe
rte
ns
io
n, 
vi
tam
in
 in
tak
e, 
alc
oh
ol
 
co
ns
um
pt
io
n, 
ve
ge
tab
le 
co
ns
um
pt
io
n, 
br
ea
kf
as
t 
ce
re
al,
 ph
ys
ica
l a
cti
v-
ity
, t
re
atm
en
t a
rm
, a
tri
al 
fib
ril
ati
on
, d
iab
ete
s 
m
ell
itu
s, 
hy
pe
rc
ho
les
ter
-
ol
em
ia,
 pa
re
nt
al 
hi
sto
ry
 
of
 pr
em
atu
re
 m
yo
ca
rd
ial
 
in
far
cti
on
European Journal of Nutrition 
1 3
Ta
bl
e 
1 
 (c
on
tin
ue
d)
Re
fer
en
ce
s
Co
ho
rt 
na
m
e, 
ye
ar
s o
f 
stu
dy
 (c
ou
nt
ry
)
Fo
llo
w-
up
Sa
m
pl
e, 
se
x, 
ag
e
Ou
tco
m
es
, n
o. 
of
 ca
se
s
Di
et 
as
se
ss
m
en
t
Co
va
ria
te 
ad
ju
stm
en
t
Dj
ou
ss
é [
23
]
PH
S,
 19
81
 (U
S)
20
 ye
ar
s
21
,32
7 m
en
 (4
0–
85
 ye
ar
s)
10
84
 he
ar
t f
ail
ur
e e
ve
nt
s
FF
Q
Ag
e, 
BM
I, 
sm
ok
in
g, 
alc
oh
ol
 co
ns
um
pt
io
n, 
ph
ys
ica
l a
cti
vi
ty,
 hi
sto
ry
 
of
 di
ab
ete
s m
ell
itu
s, 
atr
ial
 
fib
ril
lat
io
n, 
hy
pe
rte
ns
io
n, 
va
lv
ul
ar
 he
ar
t d
ise
as
e, 
an
d t
re
atm
en
t f
or
 ch
o-
les
ter
ol
Ne
ttl
eto
n [
24
]
AR
IC
, 1
98
7–
19
89
 (U
S)
13
.3 
ye
ar
s
14
,15
3 m
en
 an
d w
om
en
 
(4
5–
64
 ye
ar
s)
11
40
 he
ar
t f
ail
ur
e e
ve
nt
s
Re
pe
ate
d F
FQ
En
er
gy
 in
tak
e, 
ag
e, 
se
x, 
ra
ce
/ce
nt
er,
 ed
uc
ati
on
 
lev
el,
 ph
ys
ica
l a
cti
vi
ty
 
lev
el,
 sm
ok
in
g, 
dr
in
k-
in
g s
tat
us
, a
nd
 pr
ev
ale
nt
 
di
se
as
e s
tat
us
: c
ar
di
ov
as
-
cu
lar
 di
se
as
e, 
di
ab
ete
s, 
an
d h
yp
er
ten
sio
n
Be
rn
ste
in
 [2
5]
NH
S,
 19
80
 (U
S)
26
 ye
ar
s
84
,13
6 w
om
en
 (3
0–
55
 
ye
ar
s)
22
10
 C
HD
 an
d 9
52
 C
HD
 
de
ath
 ev
en
ts
Re
pe
ate
d F
FQ
Ag
e, 
tim
e p
er
io
d, 
to
tal
 
en
er
gy
, c
er
ea
l fi
be
r, 
alc
oh
ol
, t
ra
ns
 fa
t, 
BM
I, 
cig
ar
ett
e s
m
ok
in
g, 
m
en
o-
pa
us
al 
sta
tu
s, 
pa
re
nt
al 
hi
s-
to
ry
 of
 ea
rly
 m
yo
ca
rd
ial
 
in
far
cti
on
, m
ul
tiv
ita
m
in
 
us
e, 
vi
tam
in
 E
 su
pp
le-
m
en
t u
se
, a
sp
iri
n u
se
 
at 
lea
st 
on
ce
 pe
r w
ee
k,
 
ph
ys
ica
l e
xe
rc
ise
Sc
ra
ffo
rd
 [2
6]
NH
AN
ES
 II
I, 
19
88
–1
99
4 
(U
S)
12
.2 
ye
ar
s
68
33
 m
en
 an
d 8
11
3 
wo
m
en
 (≥
 17
 ye
ar
s)
16
8 C
HD
 an
d 7
4 s
tro
ke
 
ev
en
ts 
in
 w
om
en
 an
d 
19
8 C
HD
 an
d 6
3 s
tro
ke
 
ev
en
ts 
in
 m
en
FF
Q
Ag
e, 
en
er
gy
, m
ar
ita
l s
tat
us
, 
ed
uc
ati
on
al 
sta
tu
s, 
ra
ce
/
eth
ni
cit
y, 
sm
ok
in
g s
tat
us
, 
BM
I, 
W
HR
, d
iab
ete
s, 
hy
pe
rte
ns
io
n a
nd
 di
eta
ry
 
va
ria
bl
es
 European Journal of Nutrition
1 3
Ta
bl
e 
1 
 (c
on
tin
ue
d)
Re
fer
en
ce
s
Co
ho
rt 
na
m
e, 
ye
ar
s o
f 
stu
dy
 (c
ou
nt
ry
)
Fo
llo
w-
up
Sa
m
pl
e, 
se
x, 
ag
e
Ou
tco
m
es
, n
o. 
of
 ca
se
s
Di
et 
as
se
ss
m
en
t
Co
va
ria
te 
ad
ju
stm
en
t
Be
rn
ste
in
 [2
8]
HP
FS
, 1
98
6 a
nd
 N
HS
, 
19
80
 (U
S)
26
 ye
ar
s i
n w
om
en
 an
d 2
2 
ye
ar
s i
n m
en
84
,01
0 w
om
en
 (3
0–
55
 
ye
ar
s) 
an
d 4
3,1
50
 m
en
 
(4
0–
75
 ye
ar
s)
26
33
 st
ro
ke
 ev
en
ts 
in
 
wo
m
en
 an
d 1
39
7 s
tro
ke
 
ev
en
ts 
in
 m
en
Re
pe
ate
d F
FQ
Ag
e, 
tim
e p
er
io
d B
M
I, 
cig
ar
ett
e s
m
ok
in
g, 
ph
ys
ica
l e
xe
rc
ise
, p
ar
en
tal
 
hi
sto
ry
 of
 ea
rly
 m
yo
ca
r-
di
al 
in
far
cti
on
, m
en
o-
pa
us
al 
sta
tu
s i
n w
om
en
, 
m
ul
tiv
ita
m
in
 us
e, 
vi
tam
in
 
E 
su
pp
lem
en
t u
se
, a
sp
iri
n 
us
e, 
to
tal
 en
er
gy
, c
er
ea
l 
fib
er,
 al
co
ho
l, 
tra
ns
fat
, 
fru
it 
an
d v
eg
eta
bl
es
, a
nd
 
ot
he
r p
ro
tei
n s
ou
rc
es
Ho
us
to
n [
49
]
He
alt
h A
BC
, 1
99
7–
19
98
 
(U
S)
9 y
ea
rs
19
41
 m
en
 an
d w
om
en
 
(7
0–
79
 ye
ar
s)
20
3 C
VD
 ev
en
ts
FF
Q
Ag
e, 
ge
nd
er,
 ra
ce
, e
du
ca
-
tio
n, 
fie
ld
 ce
nt
er,
 sm
ok
-
in
g, 
alc
oh
ol
 us
e, 
ph
ys
ica
l 
ac
tiv
ity
, B
M
I, 
to
tal
 en
er
gy
 
in
tak
e, 
pr
ot
ein
 in
tak
e, 
fib
er
 in
tak
e, 
m
ul
tiv
ita
m
in
 
us
e, 
su
pp
lem
en
tal
 vi
tam
in
 
E 
us
e, 
sta
tin
 us
e, 
as
pi
rin
 
us
e, 
or
al 
es
tro
ge
n u
se
 
(w
om
en
 on
ly
), 
pr
ev
ale
nt
 
hy
pe
rte
ns
io
n, 
an
d s
atu
-
ra
ted
 fa
t
Za
zp
e [
27
]
SU
N,
 19
99
 (S
pa
in
)
6.1
 ye
ar
s
14
,18
5 m
en
 an
d w
om
en
 
(2
0–
90
 ye
ar
s)
91
 C
VD
 ev
en
ts
FF
Q
Ag
e, 
se
x, 
to
tal
 en
er
gy
 
in
tak
e, 
ad
he
re
nc
e t
o 
th
e M
ed
ite
rra
ne
an
 fo
od
 
pa
tte
rn
, a
lco
ho
l i
nt
ak
e, 
ba
se
lin
e B
M
I, 
sm
ok
in
g 
sta
tu
s, 
ph
ys
ica
l a
cti
v-
ity
 du
rin
g l
eis
ur
e t
im
e, 
fam
ily
 hi
sto
ry
 of
 C
VD
, 
se
lf-
re
po
rte
d d
iab
ete
s, 
se
lf-
re
po
rte
d h
yp
er
ten
-
sio
n, 
se
lf-
re
po
rte
d h
yp
er-
ch
ol
es
ter
ol
em
ia
Di
lis
 [2
9]
EP
IC
-G
re
ec
e, 
19
94
–1
99
9 
(G
re
ec
e)
10
 ye
ar
s
23
,92
9 m
en
 an
d w
om
en
 
(2
0–
86
 ye
ar
s)
63
6 C
HD
 ev
en
ts
FF
Q
Ag
e, 
BM
I, 
he
ig
ht
, p
hy
sic
al 
ac
tiv
ity
, y
ea
rs 
of
 sc
ho
ol
-
in
g, 
en
er
gy
 in
tak
e, 
alc
oh
ol
 co
ns
um
pt
io
n, 
sm
ok
in
g s
tat
us
 an
d a
rte
-
ria
l b
lo
od
 pr
es
su
re
, a
nd
 
nu
tri
tio
na
l v
ar
iab
les
European Journal of Nutrition 
1 3
Ta
bl
e 
1 
 (c
on
tin
ue
d)
Re
fer
en
ce
s
Co
ho
rt 
na
m
e, 
ye
ar
s o
f 
stu
dy
 (c
ou
nt
ry
)
Fo
llo
w-
up
Sa
m
pl
e, 
se
x, 
ag
e
Ou
tco
m
es
, n
o. 
of
 ca
se
s
Di
et 
as
se
ss
m
en
t
Co
va
ria
te 
ad
ju
stm
en
t
M
isi
rli
 [3
0]
EP
IC
-G
re
ec
e, 
19
94
–1
99
9 
(G
re
ec
e)
10
.6 
ye
ar
s
23
,60
1 m
en
 an
d w
om
en
 
(2
0–
86
 ye
ar
s)
39
5 s
tro
ke
 ev
en
ts
FF
Q
Se
x, 
ag
e, 
ed
uc
ati
on
, s
m
ok
-
in
g s
tat
us
, B
M
I, 
lev
el 
of
 ph
ys
ica
l a
cti
vi
ty
 as
 
m
ea
su
re
d i
n m
eta
bo
lic
 
eq
ui
va
len
ts,
 hy
pe
rte
ns
io
n, 
di
ab
ete
s, 
an
d t
ot
al 
en
er
gy
 
in
tak
e
Ya
em
sir
i [
31
]
W
HI
-O
S,
 19
94
–1
99
8 
(U
S)
7.6
 ye
ar
s
87
,02
5 w
om
en
 (5
0–
79
 
ye
ar
s)
10
49
 is
ch
em
ic 
str
ok
e 
ev
en
ts
Re
pe
ate
d F
FQ
Ag
e, 
ra
ce
, e
du
ca
tio
n, 
fam
ily
 
in
co
m
e, 
ye
ar
s a
s a
 re
gu
lar
 
sm
ok
er,
 ho
rm
on
e r
ep
lac
e-
m
en
t t
he
ra
py
 us
e, 
to
tal
 
m
eta
bo
lic
 eq
ui
va
len
t t
as
k 
ho
ur
s p
er
 w
ee
k,
 al
co
ho
l 
in
tak
e, 
hi
sto
ry
 of
 co
ro
-
na
ry
 he
ar
t d
ise
as
e, 
hi
sto
ry
 
of
 at
ria
l fi
br
ill
ati
on
, h
is-
to
ry
 of
 di
ab
ete
s, 
as
pi
rin
 
us
e, 
us
e o
f a
nt
ih
yp
er-
ten
siv
e m
ed
ica
tio
n, 
us
e 
of
 ch
ol
es
ter
ol
-lo
we
rin
g 
m
ed
ica
tio
n, 
BM
I, 
sy
sto
lic
 
bl
oo
d p
re
ss
ur
e, 
an
d t
ot
al 
en
er
gy
 in
tak
e, 
di
eta
ry
 
vi
tam
in
 E
, f
ru
its
 an
d 
ve
ge
tab
le 
in
tak
e, 
fib
er
Go
ld
be
rg
 [3
2]
NM
S,
 N
R 
(U
S)
11
 ye
ar
s
14
29
 m
en
 an
d w
om
en
 
(>
 40
 ye
ar
s)
71
9 C
VD
 (2
66
 st
ro
ke
 
ev
en
ts,
 22
6 M
I, 
45
2 
CV
D 
de
ath
 ev
en
ts)
FF
Q
Ag
e, 
se
x, 
ra
ce
/et
hn
ici
ty,
 
BM
I, 
di
ab
ete
s, 
hy
pe
rte
n-
sio
n, 
LD
L,
 H
DL
, T
G,
 
ch
ol
es
ter
ol
-lo
we
rin
g 
m
ed
ica
tio
n, 
m
od
er
ate
 
alc
oh
ol
 us
e, 
m
od
er
ate
-
he
av
y p
hy
sic
al 
ac
tiv
ity
, 
sm
ok
in
g, 
hi
gh
-sc
ho
ol
 
co
m
pl
eti
on
, d
ail
y k
ca
l, 
M
ed
ite
rra
ne
an
 di
et 
sc
or
e, 
hi
sto
ry
 of
 st
ro
ke
, m
yo
-
ca
rd
ial
 in
far
cti
on
, d
ail
y 
co
ns
um
pt
io
n o
f s
atu
ra
ted
 
fat
, u
ns
atu
ra
ted
 fa
t, 
ca
rb
o-
hy
dr
ate
s, 
an
d p
ro
tei
n
 European Journal of Nutrition
1 3
Ta
bl
e 
1 
 (c
on
tin
ue
d)
Re
fer
en
ce
s
Co
ho
rt 
na
m
e, 
ye
ar
s o
f 
stu
dy
 (c
ou
nt
ry
)
Fo
llo
w-
up
Sa
m
pl
e, 
se
x, 
ag
e
Ou
tco
m
es
, n
o. 
of
 ca
se
s
Di
et 
as
se
ss
m
en
t
Co
va
ria
te 
ad
ju
stm
en
t
Ha
rin
g [
33
]
AR
IC
, 1
98
7–
19
89
 (U
S)
22
 ye
ar
s
12
,06
6 m
en
 an
d w
om
en
 
(4
5–
64
 ye
ar
s)
11
47
 C
HD
 ev
en
ts
Re
pe
ate
d F
FQ
Ag
e, 
se
x, 
ra
ce
, s
tu
dy
 ce
nt
er,
 
to
tal
 en
er
gy
 in
tak
e, 
sm
ok
in
g, 
cig
ar
ett
e y
ea
rs,
 
ed
uc
ati
on
, s
ys
to
lic
 bl
oo
d 
pr
es
su
re
, u
se
 of
 an
tih
y-
pe
rte
ns
ive
 m
ed
ica
tio
n, 
hi
gh
-d
en
sit
y l
ip
op
ro
tei
n 
ch
ol
es
ter
ol
, t
ot
al 
ch
ol
es
-
ter
ol
, u
se
 of
 li
pi
d-
lo
w-
er
in
g m
ed
ica
tio
n, 
BM
I, 
wa
ist
-to
-h
ip
 ra
tio
, a
lco
ho
l 
in
tak
e, 
sp
or
ts-
re
lat
ed
 
ph
ys
ica
l a
cti
vi
ty,
 le
isu
re
-
re
lat
ed
 ph
ys
ica
l a
cti
vi
ty,
 
ca
rb
oh
yd
ra
te 
in
tak
e, 
fib
er
 
in
tak
e, 
fat
 in
tak
e, 
an
d 
m
ag
ne
siu
m
 in
tak
e
Ha
rin
g [
34
]
AR
IC
, 1
98
7–
19
89
 (U
S)
22
.7 
ye
ar
s
11
,60
1 m
en
 an
d w
om
en
 
(4
5–
64
 ye
ar
s)
69
9 s
tro
ke
 ev
en
ts
Re
pe
ate
d F
FQ
Ag
e, 
se
x, 
ra
ce
, s
tu
dy
 ce
nt
er,
 
to
tal
 en
er
gy
 in
tak
e, 
sm
ok
in
g, 
cig
ar
ett
e y
ea
rs,
 
ed
uc
ati
on
, s
ys
to
lic
 bl
oo
d 
pr
es
su
re
, u
se
 of
 an
tih
y-
pe
rte
ns
ive
 m
ed
ica
tio
n, 
hi
gh
-d
en
sit
y l
ip
op
ro
tei
n 
ch
ol
es
ter
ol
, t
ot
al 
ch
ol
es
-
ter
ol
, u
se
 of
 li
pi
d-
lo
w-
er
in
g m
ed
ica
tio
n, 
BM
I, 
wa
ist
-to
-h
ip
 ra
tio
, a
lco
ho
l 
in
tak
e, 
sp
or
ts-
re
lat
ed
 
ph
ys
ica
l a
cti
vi
ty,
 le
isu
re
-
re
lat
ed
 ph
ys
ica
l a
cti
vi
ty,
 
ca
rb
oh
yd
ra
te 
in
tak
e, 
fib
er
 
in
tak
e, 
fat
 in
tak
e, 
an
d 
m
ag
ne
siu
m
 in
tak
e
European Journal of Nutrition 
1 3
Ta
bl
e 
1 
 (c
on
tin
ue
d)
Re
fer
en
ce
s
Co
ho
rt 
na
m
e, 
ye
ar
s o
f 
stu
dy
 (c
ou
nt
ry
)
Fo
llo
w-
up
Sa
m
pl
e, 
se
x, 
ag
e
Ou
tco
m
es
, n
o. 
of
 ca
se
s
Di
et 
as
se
ss
m
en
t
Co
va
ria
te 
ad
ju
stm
en
t
La
rss
on
 [3
5]
CO
SM
, 1
99
7 a
nd
 S
M
C,
 
19
87
–1
99
0 (
No
rw
ay
)
13
 ye
ar
s
37
,76
6 m
en
 (4
5–
79
 ye
ar
s) 
an
d 3
2,8
05
 w
om
en
 
(4
9–
83
 ye
ar
s)
16
28
 H
F,
 32
62
 M
I, 
20
39
 
isc
he
m
ic 
str
ok
es
, 4
05
 
he
m
or
rh
ag
ic 
str
ok
e 
ev
en
ts 
in
 m
en
 an
d 1
20
7 
HF
, 1
50
4 M
I, 
15
61
 
isc
he
m
ic 
str
ok
e, 
an
d 
29
4 h
em
or
rh
ag
ic 
str
ok
e 
ev
en
ts 
in
 w
om
en
FF
Q
Ag
e, 
ed
uc
ati
on
, f
am
ily
 
hi
sto
ry
 of
 m
yo
ca
rd
ial
 
in
far
cti
on
, s
m
ok
in
g s
tat
us
 
an
d p
ac
k-
ye
ar
s o
f s
m
ok
-
in
g, 
as
pi
rin
 us
e, 
wa
lk
in
g/
bi
cy
cli
ng
, e
xe
rc
ise
, B
M
I, 
hi
sto
ry
 of
 hy
pe
rte
ns
io
n, 
hy
pe
rc
ho
les
ter
ol
em
ia,
 an
d 
di
ab
ete
s, 
in
tak
es
 of
 to
tal
 
en
er
gy
, a
lco
ho
l, 
fru
it 
an
d 
ve
ge
tab
les
, a
nd
 pr
oc
es
se
d 
m
ea
t
Fa
rv
id
 [3
8]
GC
S,
 20
04
 (I
ra
n)
11
 ye
ar
s
42
,40
3 m
en
 an
d w
om
en
 
(3
6–
85
 ye
ar
s)
14
67
 C
VD
, 7
64
 C
HD
, 5
07
 
str
ok
e e
ve
nt
s
FF
Q
Se
x, 
ag
e, 
eth
ni
cit
y, 
ed
uc
a-
tio
n, 
m
ar
ita
l s
tat
us
, 
re
sid
en
cy
, s
m
ok
in
g, 
op
iu
m
 us
e, 
alc
oh
ol
, B
M
I, 
sy
sto
lic
 bl
oo
d p
re
ss
ur
e, 
oc
cu
pa
tio
na
l p
hy
sic
al 
ac
tiv
ity
, f
am
ily
 hi
sto
ry
 
of
 ca
nc
er,
 w
ea
lth
 sc
or
e, 
m
ed
ica
tio
n, 
an
d e
ne
rg
y 
in
tak
e
Vi
rta
ne
n [
36
]
KI
HD
, 1
98
4–
19
89
 (F
in
-
lan
d)
20
.8 
ye
ar
s
10
32
 m
en
 (4
2–
60
 ye
ar
s)
23
0 C
HD
 ev
en
ts
4-
d f
oo
d r
ec
or
ds
Ag
e, 
ex
am
in
ati
on
 ye
ar,
 an
d 
en
er
gy
 in
tak
e, 
sm
ok
in
g, 
BM
I, 
di
ab
ete
s, 
hy
pe
rte
n-
sio
n, 
lei
su
re
-ti
m
e p
hy
sic
al 
ac
tiv
ity
, c
or
on
ar
y a
rte
ry
 
di
se
as
e h
ist
or
y i
n c
lo
se
 
re
lat
ive
s, 
ed
uc
ati
on
, a
nd
 
in
tak
es
 of
 al
co
ho
l, 
fru
it,
 
be
rri
es
, v
eg
eta
bl
es
, fi
be
r, 
PU
FA
s, 
an
d S
FA
s
Dí
ez
-E
sp
in
o [
37
]
PR
ED
IM
ED
, 2
00
3–
20
09
 
(S
pa
in
)
5.8
 ye
ar
s
72
16
 m
en
 an
d w
om
en
 
(5
5–
80
 ye
ar
s)
34
2 C
VD
 ev
en
ts
FF
Q
Ag
e, 
se
x, 
BM
I, 
in
ter
ve
nt
io
n 
gr
ou
p, 
re
cr
ui
tm
en
t c
en
ter
, 
sm
ok
in
g s
tat
us
, p
hy
sic
al 
ac
tiv
ity
 du
rin
g l
eis
ur
e 
tim
e, 
an
d e
du
ca
tio
na
l 
sta
tu
s, 
di
ab
ete
s, 
hy
pe
r-
ten
sio
n, 
hy
pe
rc
ho
les
ter
-
ol
em
ia,
 fa
m
ily
 hi
sto
ry
 of
 
CV
D,
 M
ed
ite
rra
ne
an
 fo
od
 
pa
tte
rn
, a
lco
ho
l i
nt
ak
e, 
an
d t
ot
al 
en
er
gy
 in
tak
e
 European Journal of Nutrition
1 3
Ta
bl
e 
1 
 (c
on
tin
ue
d)
Re
fer
en
ce
s
Co
ho
rt 
na
m
e, 
ye
ar
s o
f 
stu
dy
 (c
ou
nt
ry
)
Fo
llo
w-
up
Sa
m
pl
e, 
se
x, 
ag
e
Ou
tco
m
es
, n
o. 
of
 ca
se
s
Di
et 
as
se
ss
m
en
t
Co
va
ria
te 
ad
ju
stm
en
t
Gu
o [
39
]
CA
PS
, 1
97
9–
19
83
 an
d 
ND
NS
, 2
00
8–
20
09
 
(U
K)
22
.8 
ye
ar
s
25
12
 m
en
 (4
5–
59
 ye
ar
s)
71
5 C
VD
 (2
48
 st
ro
ke
, 4
77
 
M
I, 
20
1 h
ea
rt 
fai
lu
re
) 
ev
en
ts
7-
d f
oo
d r
ec
or
ds
Ag
e, 
BM
I, 
to
tal
 en
er
gy
 
in
tak
e, 
alc
oh
ol
 co
ns
um
p-
tio
n, 
sm
ok
in
g s
tat
us
, 
en
er
gy
 ex
pe
nd
itu
re
, s
oc
ial
 
cla
ss
, f
am
ily
 hi
sto
ry
 of
 
m
yo
ca
rd
ial
 in
far
cti
on
, 
di
ab
ete
s m
ell
itu
s, 
su
ga
r 
in
tak
e, 
fru
it 
co
ns
um
pt
io
n, 
re
d m
ea
t c
on
su
m
pt
io
n a
nd
 
fib
er
 (c
er
ea
l a
nd
 ve
ge
tab
le 
so
ur
ce
s)
Ja
ng
 [4
0]
KG
ES
, 2
00
1–
20
02
 
(K
or
ea
)
7.3
 ye
ar
s
92
48
 m
en
 an
d w
om
en
 
(4
0–
69
 ye
ar
s)
57
0 C
VD
 ev
en
ts
FF
Q
Ag
e, 
se
x, 
ed
uc
ati
on
al 
lev
el,
 
re
sid
en
tia
l a
re
a, 
m
on
th
ly
 
ho
us
eh
ol
d i
nc
om
e, 
alc
oh
ol
 dr
in
ki
ng
, s
m
ok
in
g 
in
 pa
ck
-y
ea
rs,
 ph
ys
ica
l 
ac
tiv
ity
 le
ve
l, 
di
eta
ry
 
su
pp
lem
en
t u
se
, h
ist
or
y 
of
 hy
pe
rte
ns
io
n a
nd
 dy
s-
lip
id
em
ia,
 an
d t
he
 in
tak
e 
lev
els
 of
 to
tal
 en
er
gy
, t
ot
al 
ve
ge
tab
les
, t
ot
al 
fru
its
, 
re
d m
ea
t, 
fib
er,
 vi
tam
in
 
E,
 B
M
I
Qi
n [
41
]
CK
B,
 20
04
–2
00
8 (
Ch
in
a)
8.9
 ye
ar
s
46
1,2
13
 m
en
 an
d w
om
en
 
(3
0–
79
 ye
ar
s)
83
,97
7 C
VD
 (3
0,1
69
 
IH
D,
 70
78
 he
m
or
rh
ag
ic 
str
ok
e, 
an
d 2
7,7
45
 
isc
he
m
ic 
str
ok
e)
 an
d 
99
85
 C
VD
 de
ath
 ev
en
ts 
(3
37
4 I
HD
, 3
43
5 h
em
or
-
rh
ag
ic 
str
ok
e, 
an
d 1
 00
3 
isc
he
m
ic 
str
ok
e d
ea
th
s)
Re
pe
ate
d F
FQ
Ag
e a
t r
ec
ru
itm
en
t, 
se
x, 
ed
uc
ati
on
 le
ve
l, 
ho
us
e-
ho
ld
 in
co
m
e, 
m
ar
ita
l 
sta
tu
s, 
alc
oh
ol
 co
ns
um
p-
tio
n, 
to
ba
cc
o s
m
ok
in
g, 
ph
ys
ica
l a
cti
vi
ty
 in
 
M
ET
-h
ou
rs/
da
y, 
BM
I, 
wa
ist
-to
-h
ip
 ra
tio
, p
re
va
-
len
t h
yp
er
ten
sio
n, 
us
e o
f 
as
pi
rin
, f
am
ily
 hi
sto
ry
 of
 
CV
D,
 in
tak
e o
f m
ul
tiv
ita
-
m
in
 su
pp
lem
en
tat
io
n a
nd
 
di
eta
ry
 pa
tte
rn
European Journal of Nutrition 
1 3
Ta
bl
e 
1 
 (c
on
tin
ue
d)
Re
fer
en
ce
s
Co
ho
rt 
na
m
e, 
ye
ar
s o
f 
stu
dy
 (c
ou
nt
ry
)
Fo
llo
w-
up
Sa
m
pl
e, 
se
x, 
ag
e
Ou
tco
m
es
, n
o. 
of
 ca
se
s
Di
et 
as
se
ss
m
en
t
Co
va
ria
te 
ad
ju
stm
en
t
Xu
 [4
3]
GB
CS
, 2
00
3–
20
08
 
(C
hi
na
)
9.8
 ye
ar
s
28
,02
4 m
en
 an
d w
om
en
 
(>
 50
 ye
ar
s)
87
3 C
VD
, 3
88
 IH
D 
an
d 
34
1 s
tro
ke
 de
ath
 ev
en
ts
FF
Q
Se
x, 
ag
e, 
ed
uc
ati
on
, o
cc
u-
pa
tio
n, 
fam
ily
 in
co
m
e, 
sm
ok
in
g s
tat
us
, p
hy
sic
al 
ac
tiv
ity
, a
lco
ho
l d
rin
ki
ng
, 
se
lf-
ra
ted
 he
alt
h a
nd
 
ch
ro
ni
c d
ise
as
e h
ist
or
y 
(d
iab
ete
s, 
hy
pe
rte
ns
io
n 
an
d d
ys
lip
id
em
ia)
, d
iet
ar
y 
va
ria
bl
es
 (d
ail
y d
iet
ar
y 
en
er
gy
 an
d v
eg
eta
bl
e, 
fru
it,
 m
ilk
 an
d n
ut
 in
tak
e 
we
re
 in
clu
de
d i
n t
hi
s 
m
od
el 
wi
th
 ad
di
tio
na
l 
ad
ju
stm
en
t f
or
 to
tal
 
en
er
gy
, v
eg
eta
bl
e, 
fru
it,
 
m
ilk
 an
d n
ut
 in
tak
e; 
on
ly
 
in
 18
,70
7 p
ar
tic
ip
an
ts)
Za
m
or
a‐
Ro
s [
44
]
EP
IC
-S
pa
in
, 1
99
2–
19
96
 
(S
pa
in
)
18
 ye
ar
s
40
,62
1 m
en
 an
d w
om
en
 
(2
9–
69
 ye
ar
s)
76
1 C
VD
 de
ath
 an
d 1
84
 
str
ok
e e
ve
nt
s
FF
Q
ce
nt
er,
 ag
e a
t r
ec
ru
itm
en
t 
in
 5 
ye
ar
 ca
teg
or
ies
, s
ex
, 
sm
ok
in
g i
nt
en
sit
y, 
BM
I, 
lif
eti
m
e a
lco
ho
l i
nt
ak
e, 
ed
uc
ati
on
 le
ve
l, 
ph
ys
ica
l 
ac
tiv
ity
, e
ne
rg
y i
nt
ak
e, 
an
d a
dh
er
en
ce
 to
 M
ed
ite
r-
ra
ne
an
 di
et
Ab
do
lla
hi
 [4
2]
KI
HD
, 1
98
4–
19
89
 (F
in
-
lan
d)
21
.2 
ye
ar
s
19
50
 m
en
 (4
2–
60
 ye
ar
s)
21
7 s
tro
ke
 (1
66
 is
ch
em
ic 
an
d 5
5 h
em
or
rh
ag
ic)
 
ev
en
ts
4-
d f
oo
d r
ec
or
ds
Ag
e, 
ye
ar
 of
 ex
am
in
ati
on
, 
en
er
gy
 in
tak
e, 
BM
I, 
pa
ck
-
ye
ar
s o
f s
m
ok
in
g, 
lei
su
re
-
tim
e p
hy
sic
al 
ac
tiv
ity
, 
hy
pe
rte
ns
io
n m
ed
ica
tio
n, 
in
tak
es
 of
 al
co
ho
l, 
fru
it,
 
be
rri
es
, a
nd
 ve
ge
tab
les
Dj
ou
ss
é [
47
]
M
VP
, 2
01
1 (
US
)
3.2
4 y
ea
rs 
(m
ea
n)
18
8,2
67
 m
en
 an
d w
om
en
 
(6
4.4
 ye
ar
s m
ea
n)
10
,16
0 M
I e
ve
nt
s
FF
Q
Ag
e, 
se
x r
ac
e, 
ed
uc
ati
on
, 
BM
I, 
ex
er
cis
e, 
sm
ok
-
in
g, 
alc
oh
ol
 in
tak
e, 
an
d 
di
eta
ry
 ap
pr
oa
ch
 to
 st
op
 
hy
pe
rte
ns
io
n s
co
re
 European Journal of Nutrition
1 3
Ta
bl
e 
1 
 (c
on
tin
ue
d)
Re
fer
en
ce
s
Co
ho
rt 
na
m
e, 
ye
ar
s o
f 
stu
dy
 (c
ou
nt
ry
)
Fo
llo
w-
up
Sa
m
pl
e, 
se
x, 
ag
e
Ou
tco
m
es
, n
o. 
of
 ca
se
s
Di
et 
as
se
ss
m
en
t
Co
va
ria
te 
ad
ju
stm
en
t
Ke
y [
50
]
EP
IC
, 1
99
2–
20
00
 
(E
ur
op
e)
12
.6 
ye
ar
s (
m
ea
n)
40
9,8
85
 m
en
 an
d w
om
en
 
(~
 55
 ye
ar
s)
71
98
 C
HD
 ev
en
ts
FF
Q
Ag
e, 
sm
ok
in
g s
tat
us
 an
d 
nu
m
be
r o
f c
ig
ar
ett
es
 pe
r 
da
y, 
hi
sto
ry
 of
 di
ab
ete
s 
m
ell
itu
s, 
pr
ev
io
us
 hy
pe
r-
ten
sio
n, 
pr
io
r h
yp
er-
lip
id
em
ia,
 C
am
br
id
ge
 
ph
ys
ica
l a
cti
vi
ty
 in
de
x, 
em
pl
oy
m
en
t s
tat
us
, l
ev
el 
of
 ed
uc
ati
on
 co
m
pl
ete
d, 
BM
I, 
cu
rre
nt
 al
co
ho
l c
on
-
su
m
pt
io
n, 
an
d o
bs
er
ve
d 
in
tak
es
 of
 en
er
gy
, f
ru
it 
an
d v
eg
eta
bl
es
 co
m
bi
ne
d, 
su
ga
rs,
 fi
be
r f
ro
m
 ce
re
als
, 
an
d s
tra
tifi
ed
 by
 se
x a
nd
 
EP
IC
 ce
nt
er
va
n d
en
 B
ra
nd
t [
53
]
NL
CS
, 1
98
6, 
(T
he
 N
eth
-
er
lan
ds
)
 ~ 
9 y
ea
rs
32
02
 su
bc
oh
or
t m
en
 an
d 
wo
m
en
 (5
5–
69
 ye
ar
s)
29
85
 C
VD
 de
ath
 ev
en
ts
FF
Q
Ag
e a
t b
as
eli
ne
, s
ex
, 
cig
ar
ett
e s
m
ok
in
g s
tat
us
, 
nu
m
be
r o
f c
ig
ar
ett
es
 
sm
ok
ed
 pe
r d
ay
, a
nd
 
ye
ar
s o
f s
m
ok
in
g, 
hi
sto
ry
 
of
 ph
ys
ici
an
-d
iag
no
se
d 
hy
pe
rte
ns
io
n a
nd
 di
ab
e-
tes
, b
od
y h
eig
ht
, B
M
I, 
no
n-
oc
cu
pa
tio
na
l p
hy
sic
al 
ac
tiv
ity
, h
ig
he
st 
lev
el 
of
 
ed
uc
ati
on
, i
nt
ak
e o
f a
lco
-
ho
l, 
ve
ge
tab
les
 an
d f
ru
it,
 
en
er
gy
, u
se
 of
 nu
tri
tio
na
l 
su
pp
lem
en
ts,
 an
d, 
in
 
wo
m
en
, p
os
tm
en
op
au
sa
l 
HR
T
European Journal of Nutrition 
1 3
Ta
bl
e 
1 
 (c
on
tin
ue
d)
Re
fer
en
ce
s
Co
ho
rt 
na
m
e, 
ye
ar
s o
f 
stu
dy
 (c
ou
nt
ry
)
Fo
llo
w-
up
Sa
m
pl
e, 
se
x, 
ag
e
Ou
tco
m
es
, n
o. 
of
 ca
se
s
Di
et 
as
se
ss
m
en
t
Co
va
ria
te 
ad
ju
stm
en
t
Zh
on
g [
45
]
Po
ol
ed
 co
ho
rts
 (f
ro
m
 U
S)
a
17
.7 
ye
ar
s
29
,61
5 m
en
 an
d w
om
en
 
(m
ea
n a
ge
 51
.6 
ye
ar
s a
t 
ba
se
lin
e)
54
00
 C
VD
 ev
en
ts
Ha
rm
on
ize
d a
ss
es
sm
en
t
Ag
e, 
se
x, 
ra
ce
/ e
th
ni
cit
y, 
ed
uc
ati
on
, t
ot
al 
en
er
gy
, 
sm
ok
in
g s
tat
us
, s
m
ok
-
in
g p
ac
k-
 ye
ar
s, 
co
ho
rt-
sp
ec
ifi
c p
hy
sic
al 
ac
tiv
ity
 
z s
co
re
, a
lco
ho
l i
nt
ak
e, 
us
e o
f h
or
m
on
e t
he
ra
py
, 
BM
I, 
di
ab
ete
s s
tat
us
, 
sy
sto
lic
 bl
oo
d p
re
ss
ur
e, 
us
e o
f a
nt
ih
yp
er
ten
siv
e 
m
ed
ica
tio
ns
, h
ig
h-
de
ns
ity
 
lip
op
ro
tei
n (
HD
L)
 
ch
ol
es
ter
ol
, n
on
-H
DL
 
ch
ol
es
ter
ol
, a
nd
 us
e o
f 
lip
id
-lo
we
rin
g m
ed
ica
-
tio
ns
, d
iet
ar
y c
ho
les
ter
ol
 
co
ns
um
pt
io
n
De
hg
ha
n [
46
]
PU
RE
, 2
00
3, 
(m
ul
tin
a-
tio
na
l);
 O
NT
AR
GE
T/
TR
AN
SC
EN
D,
 20
01
–
20
04
 (m
ul
tin
ati
on
al)
9.5
 ye
ar
s P
UR
E;
 56
 
m
on
th
s O
NT
AR
GE
T/
TR
AN
SC
EN
D
PU
RE
: 1
14
,61
5 m
en
 an
d 
wo
m
en
 (~
 50
 ye
ar
s);
 
ON
TA
RG
ET
/ T
RA
N-
SC
EN
D 
31
,41
0 m
en
 
an
d w
om
en
 (≥
 55
 ye
ar
s)
PU
RE
: 3
41
0 C
VD
 de
ath
 
ev
en
ts,
 84
77
 C
VD
 
ev
en
ts,
 36
64
 M
I, 
39
16
 
str
ok
e, 
93
9 h
ea
rt 
fai
lu
re
; 
ON
TA
RG
ET
/ T
RA
N-
SC
EN
D:
 22
64
 C
VD
 
de
ath
 ev
en
ts,
 51
81
 C
VD
 
ev
en
ts,
 15
54
 M
I, 
13
94
 
str
ok
e, 
13
37
 he
ar
t f
ail
ur
e
FF
Q
PU
RE
: a
ge
, s
ex
, s
m
ok
in
g, 
lo
ca
tio
n, 
ed
uc
ati
on
, p
hy
si-
ca
l a
cti
vi
ty,
 hi
sto
ry
 of
 
di
ab
ete
s, 
da
ily
 in
tak
es
 of
 
fru
its
, v
eg
eta
bl
es
, d
air
y, 
re
d m
ea
t, 
po
ul
try
, a
nd
 
fis
h;
 pe
rc
en
tag
e e
ne
rg
y 
fro
m
 ca
rb
oh
yd
ra
te;
 to
tal
 
da
ily
 en
er
gy
; a
nd
 ce
nt
er
 
as
 a 
ra
nd
om
 eff
ec
t
ON
TA
RG
ET
/T
RA
N-
SC
EN
D:
 ag
e, 
se
x, 
sm
ok
in
g, 
lo
ca
tio
n, 
BM
I, 
ed
uc
ati
on
, p
hy
sic
al 
ac
tiv
-
ity
, h
ist
or
y o
f d
iab
ete
s, 
hi
sto
ry
 of
 m
yo
ca
rd
ial
 
in
far
cti
on
; h
ist
or
y o
f 
str
ok
e; 
m
ed
ica
tio
n;
 tr
ial
 
all
oc
ati
on
; d
ail
y i
nt
ak
es
 
of
 fr
ui
t, 
ve
ge
tab
les
, r
ed
 
m
ea
t, 
po
ul
try
, fi
sh
, a
nd
 
da
iry
; a
nd
 re
gi
on
s a
s a
 
ra
nd
om
 eff
ec
t
 European Journal of Nutrition
1 3
Ta
bl
e 
1 
 (c
on
tin
ue
d)
Re
fer
en
ce
s
Co
ho
rt 
na
m
e, 
ye
ar
s o
f 
stu
dy
 (c
ou
nt
ry
)
Fo
llo
w-
up
Sa
m
pl
e, 
se
x, 
ag
e
Ou
tco
m
es
, n
o. 
of
 ca
se
s
Di
et 
as
se
ss
m
en
t
Co
va
ria
te 
ad
ju
stm
en
t
Dr
ou
in
-C
ha
rti
er
 [4
8]
HP
FS
, 1
98
6, 
NH
S,
 19
80
, 
NH
S 
II,
 19
91
 (U
S)
32
 ye
ar
s (
up
 to
)
HP
FS
: 4
2,0
55
 m
en
 
(4
0–
75
 ye
ar
s);
 N
HS
: 
83
,34
9 w
om
en
 (3
0–
55
 
ye
ar
s);
 N
HS
 II
: 9
0,2
14
 
(2
5–
44
 ye
ar
s)
HP
FS
: 6
17
0 C
VD
, 4
46
1 
CH
D,
 17
40
 st
ro
ke
 
ev
en
ts;
 N
HS
: 7
41
1 
CV
D,
 38
96
 C
HD
, 3
58
7 
str
ok
e e
ve
nt
s; 
NH
S 
II:
 
12
25
 C
VD
, 6
53
 C
HD
, 
57
6 s
tro
ke
 ev
en
ts
FF
Q
Ag
e, 
ra
ce
, f
am
ily
 hi
sto
ry
 
of
 m
yo
ca
rd
ial
 in
far
c-
tio
n, 
ba
se
lin
e h
yp
er
ch
o-
les
ter
ol
em
ia,
 ba
se
lin
e 
hy
pe
rte
ns
io
n, 
sm
ok
in
g 
sta
tu
s, 
BM
I, 
ph
ys
ica
l 
ac
tiv
ity
, o
ra
l c
on
tra
ce
p-
tiv
e u
se
 (i
n N
HS
 II
 on
ly
), 
po
stm
en
op
au
sa
l h
or
m
on
e 
us
e (
in
 N
HS
 an
d N
HS
 
II 
on
ly
), 
alc
oh
ol
 in
tak
e, 
an
d m
ul
tiv
ita
m
in
 us
e, 
hy
pe
rc
ho
les
ter
ol
em
ia 
an
d 
hy
pe
rte
ns
io
n, 
cu
m
ul
ati
ve
 
av
er
ag
e o
f d
ail
y i
nt
ak
e 
of
 to
tal
 ca
lo
rie
s, 
fu
ll 
fat
 
m
ilk
, b
ac
on
, u
np
ro
ce
ss
ed
 
re
d m
ea
t, 
ot
he
r p
ro
ce
ss
ed
 
m
ea
ts,
 re
fin
ed
 g
ra
in
s, 
fru
its
, v
eg
eta
bl
es
, p
ot
a-
to
es
, c
off
ee
, f
ru
it 
ju
ice
s, 
an
d s
ug
ar-
sw
ee
ten
ed
 
be
ve
ra
ge
s
To
ng
 [5
1]
EP
IC
, 1
99
2–
20
00
 
(E
ur
op
e)
12
.7 
ye
ar
s (
m
ea
n)
41
8,3
29
 m
en
 an
d w
om
en
 
(~
 55
 ye
ar
s)
73
78
 st
ro
ke
 ev
en
ts 
(4
28
1 
isc
he
m
ic 
an
d 1
43
0 h
em
-
or
rh
ag
ic)
FF
Q
Ag
e, 
sm
ok
in
g s
tat
us
 an
d 
nu
m
be
r o
f c
ig
ar
ett
es
 pe
r 
da
y, 
hi
sto
ry
 of
 di
ab
ete
s, 
pr
io
r h
yp
er
ten
sio
n, 
pr
io
r 
hy
pe
rli
pi
de
m
ia,
 C
am
-
br
id
ge
 ph
ys
ica
l a
cti
vi
ty
 
in
de
x, 
em
pl
oy
m
en
t s
tat
us
, 
lev
el 
of
 ed
uc
ati
on
 co
m
-
pl
ete
d, 
cu
rre
nt
 al
co
ho
l 
co
ns
um
pt
io
n, 
BM
I, 
an
d 
ob
se
rv
ed
 in
tak
e o
f e
ne
rg
y, 
an
d s
tra
tifi
ed
 by
 se
x a
nd
 
EP
IC
 ce
nt
er
European Journal of Nutrition 
1 3
Ta
bl
e 
1 
 (c
on
tin
ue
d)
Re
fer
en
ce
s
Co
ho
rt 
na
m
e, 
ye
ar
s o
f 
stu
dy
 (c
ou
nt
ry
)
Fo
llo
w-
up
Sa
m
pl
e, 
se
x, 
ag
e
Ou
tco
m
es
, n
o. 
of
 ca
se
s
Di
et 
as
se
ss
m
en
t
Co
va
ria
te 
ad
ju
stm
en
t
Xi
a [
54
]
Ch
in
a-
M
UC
A,
 19
98
; 
In
ter
AI
SA
, 2
00
–2
00
1 
(C
hi
na
); 
CI
M
IC
, 
20
07
–2
00
8 (
Ch
in
a)
15
 ye
ar
s C
hi
na
-M
UC
A 
(m
ed
ian
); 
13
 ye
ar
s I
nt
e-
rA
IS
A 
(m
ed
ian
); 
6 y
ea
rs 
CI
M
IC
 (m
ed
ian
)
Ch
in
a-
M
UC
A:
 10
,41
0 
m
en
 an
d w
om
en
 (3
5–
59
 
ye
ar
s);
 In
ter
AI
SA
: 
12
,66
0 m
en
 an
d w
om
en
 
(3
5–
74
 ye
ar
s);
 C
IM
IC
: 
79
,06
6 m
en
 an
d w
om
en
 
(≥
 18
 ye
ar
s)
Ov
er
all
 48
48
 C
VD
, 1
27
3 
CH
D,
 29
19
 st
ro
ke
 (1
83
2 
isc
he
m
ic,
 86
2 h
em
or
-
rh
ag
ic)
 ev
en
ts
FF
Q
Ag
e, 
ge
nd
er,
 ur
ba
n o
r r
ur
al 
re
sid
en
t, 
pe
r-c
ap
ita
 ho
us
e-
ho
ld
 in
co
m
e, 
ed
uc
ati
on
 
att
ain
m
en
t, 
to
ba
cc
o s
m
ok
-
in
g, 
alc
oh
ol
 co
ns
um
pt
io
n, 
fam
ily
 hi
sto
ry
 of
 C
VD
, 
ph
ys
ica
l a
cti
vi
ty,
 B
M
I 
an
d d
iet
ar
y f
ac
to
rs 
(re
d 
m
ea
t i
nt
ak
e, 
fre
sh
 fr
ui
t 
an
d v
eg
eta
bl
e i
nt
ak
e)
AR
IC
 A
th
er
os
cle
ro
sis
 R
isk
 in
 C
om
m
un
iti
es
, C
AP
S 
Ca
er
ph
ill
y 
Pr
os
pe
cti
ve
 C
oh
or
t S
tu
dy
, C
K
B 
Ch
in
a 
Ka
do
or
ie 
Bi
ob
an
k,
 C
O
SM
 C
oh
or
t o
f S
we
di
sh
 M
en
, E
PI
C
 E
ur
op
ea
n 
Pr
os
pe
cti
ve
 in
to
 
Ca
nc
er
 an
d 
Nu
tri
tio
n, 
G
BC
S 
Gu
an
gz
ho
u 
Bi
ob
an
k 
Co
ho
rt 
St
ud
y, 
G
C
S 
Go
les
tan
 C
oh
or
t S
tu
dy
, H
ea
lth
 A
BC
 H
ea
lth
, A
gi
ng
 an
d 
Bo
dy
 C
om
po
sit
io
n, 
H
PF
S 
He
alt
h 
Pr
of
es
sio
na
ls 
Fo
llo
w-
up
 S
tu
dy
, 
JP
H
C
 Ja
pa
n 
Pu
bl
ic 
He
alt
h 
Ce
nt
er-
ba
se
d 
pr
os
pe
cti
ve
 st
ud
y, 
KG
ES
 K
or
ea
n 
Ge
no
m
e a
nd
 E
pi
de
m
io
lo
gy
 S
tu
dy
, K
IH
D
 K
uo
pi
o 
Isc
ha
em
ic 
He
ar
t D
ise
as
e R
isk
 F
ac
to
r S
tu
dy
, L
SS
 L
ife
 S
pa
n 
St
ud
y, 
M
VP
 M
ill
io
n 
Ve
ter
an
 P
ro
gr
am
, N
D
N
S 
Na
tio
na
l D
iet
 an
d 
Nu
tri
tio
na
l S
ur
ve
y, 
N
H
AN
ES
 N
ati
on
al 
He
alt
h 
an
d 
Nu
tri
tio
n 
Ex
am
in
ati
on
 S
ur
ve
y, 
N
H
S 
Nu
rse
s’ 
He
alt
h 
St
ud
y, 
N
IP
PO
N
 D
AT
A8
0 
No
n-
co
m
m
un
ica
bl
e D
ise
as
e a
nd
 It
s T
re
nd
s i
n 
th
e A
ge
d, 
19
80
, N
M
S 
No
rth
er
n 
M
an
ha
tta
n 
St
ud
y, 
N
R 
no
t r
ep
or
ted
, O
N
TA
RG
ET
 O
ng
oi
ng
 T
elm
isa
rta
n 
Al
on
e a
nd
 in
 C
om
bi
na
tio
n 
wi
th
 R
am
ip
ril
 G
lo
ba
l 
En
d 
Po
in
t T
ria
l, 
PH
S 
Ph
ys
ici
an
s’ 
He
alt
h 
St
ud
y, 
PR
ED
IM
ED
 P
RE
ve
nc
io
n 
co
n 
DI
eta
 M
ED
ite
rra
ne
a, 
PU
RE
 P
ro
sp
ec
tiv
e U
rb
an
 R
ur
al 
Ep
id
em
io
lo
gy
, S
M
C
 S
we
di
sh
 M
am
m
og
ra
ph
y 
Co
ho
rt,
 S
U
N
 
Se
gu
im
ien
to
 U
ni
ve
rsi
da
d 
de
 N
av
ar
ra
, T
RA
N
SC
EN
D
 T
elm
isa
rta
n 
Ra
nd
om
ize
d 
As
se
ss
m
en
t S
tu
dy
 in
 A
CE
I I
nt
ol
er
an
t S
ub
jec
ts 
wi
th
 C
ar
di
ov
as
cu
lar
 D
ise
as
e, 
W
H
I-
O
S 
W
om
en
’s 
He
alt
h 
In
iti
ati
ve
 
Ob
se
rv
ati
on
al 
St
ud
y
a  C
oh
or
ts 
in
clu
de
d 
we
re
 A
th
er
os
cle
ro
sis
 R
isk
 in
 C
om
m
un
iti
es
 (A
RI
C)
 S
tu
dy
, C
or
on
ar
y 
Ar
ter
y 
Ri
sk
 D
ev
elo
pm
en
t i
n 
Yo
un
g 
Ad
ul
ts 
(C
AR
DI
A)
 S
tu
dy
, F
ra
m
in
gh
am
 H
ea
rt 
St
ud
y 
(F
HS
), 
Fr
am
in
g-
ha
m
 O
ffs
pr
in
g S
tu
dy
 (F
OS
), 
Ja
ck
so
n H
ea
rt 
St
ud
y (
JH
S)
, a
nd
 th
e M
ul
ti-
Et
hn
ic 
St
ud
y o
f A
th
er
os
cle
ro
sis
 (M
ES
A)
 European Journal of Nutrition
1 3
was referring to the former, yet with evidence of heterogene-
ity (Table 2).
The summary analysis for stroke including 22 datasets 
from 16 studies showed no related risks associated with 
any dose of egg consumption compared to no consumption, 
with lower SRRs for stroke mortality, though with large 
CIs (Table 2). Also, the analyses conducted on sub-types 
of stroke, despite investigated in a lower number of studies 
(eight studies on hemorrhagic and nine studies on ischemic 
stroke), showed null associations with egg consumption, yet 
with evidence of heterogeneity (Table 2).
The summary analysis for heart failure risk including 
six datasets from four studies showed that intake of one 
egg per day was associated with increased risk raising for 
higher intakes compared to no consumption [SRR = 1.15 
(95% CI:1.02; 1.30), SRR = 1.19 (95% CI: 1.04; 1.36), 
SRR = 1.23 (95% CI: 1.06; 1.44) for 7, 8, and nine eggs 
per week, respectively], with no evidence of heterogeneity 
(I2 = 37%) and no publication bias (PEgger = 0.630).
In the sensitivity analyses by excluding one study at 
the time, results were substantially unchanged (data not 
shown). Also in the sensitivity analyses excluding stud-
ies with no complete data on number of individuals and 
cases risk estimates associated to egg consumption were 
unchanged for CVD and heart failure, while no associa-
tions with CHD and stroke were detected (ESM Table 3); 
moreover, both ischemic and hemorrhagic stroke risk was 
Fig. 2  Graphical representation of dose–response association between egg intake and CVD, CHD, stroke and heart failure risk in prospective 
cohort studies
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reduced with up to one egg per day compared to no con-
sumption (ESM Table 3).
Subgroup analyses
The subgroup analysis including results on cohort restricted 
to diabetic individuals showed that the direction of the risk 
associated with egg consumption was substantially inverted 
for all outcomes (Table 3); among all of them, the risk of 
CVD incidence/mortality peaked up to one egg per day 
[SRR = 1.22 (95% CI: 1.08; 1.39), I2 = 63%)] compared to 
no consumption.
The subgroup analysis by sex revealed a different relation 
with risk of CVD, CHD, and heart failure in women than 
in men. Among women a decreased risk of all outcomes for 
consumption of 4 eggs per week [SRR = 0.89 (95% CI: 0.82; 
0.96), SRR = 0.89 (95% CI: 0.82; 0.98), and 0.84 (95% CI: 
0.71; 1.00), respectively] with no evidence of heterogeneity 
between studies was observed (Table 3). When consider-
ing consumption of one egg per day, only CVD risk was 
decreased in women [SRR = 0.90 (95% CI: 0.81; 1.00)], with 
no evidence of heterogeneity (I2 = 0%) (Table 3). No sig-
nificant associations were observed among men (Table 3).
Stratified analyses
Several stratified analyses have been performed to test the 
stability of results taking into consideration the geographical 
localization of the cohorts as well as the level of adjustment 
models and the quality of the studies included. The analyses 
have been considered for a moderate consumption (four eggs 
per week) and a habitual consumption (one egg per day). 
Concerning the intake of 4 eggs/week, the decreased risk 
of CVD was confirmed when restricting the analyses to the 
majority of better quality studies, such as those adjusting for 
BMI, other dietary factors, longer follow-up, larger sample 
size, including heart failure in the definition of CVD, and 
scoring moderate risk of bias (Table 4); other strata associ-
ated with a decreased risk of CVD where studies conducted 
in US cohorts. Similar associations were retrieved for risk 
of CHD, with a direction toward reduction when restricting 
the analysis to studies adjusting for other dietary factors, 
longer follow-up and low risk of bias (Table 4). No associa-
tion between moderate egg consumption and risk of stroke 
nor heart failure was found (Table 4).
Concerning the intake of 1 egg/day, the analysis resulted 
in a decreased risk of CVD when involving studies con-
ducted in Asia and adjusting for other dietary factors 
(Table 4); curiously, a decreased risk was also observed in 
studies not adjusting for diabetic status, which on the con-
trary was reported to potentially act as effect modifier toward 
the opposite direction. No associations were retrieved for 
CHD risk, while also the risk of stroke was reduced only 
when considering Asian cohorts and studies including more 
than 10,000 individuals (Table 4). Also risk of heart fail-
ure differed between strata, resulting higher in the analysis 
restricted to US cohorts with large sample size, adjusted for 
BMI but not for other dietary factors; no study with low risk 
of bias was available (Table 4).
Evaluation of the evidence
Table 5 provides an overview of the GRADE assessment 
for the association between consumption of eggs and each 
cardiovascular outcome. The level of evidence was rated 
generally low for all outcomes but stroke, for which was 
moderate.
Discussion
The present meta-analysis provided an updated overview 
on the association between egg consumption and CVD risk 
and mortality: compared to previous meta-analyses, we 
included the highest number of cohorts reviewed to date, 
several dose–response analyses for the investigated out-
comes, a detailed investigation for potential confounding 
factors by studying subgroups and stratifying the analyses, 
and we attempted an evaluation of the overall evidence. Pre-
vious meta-analyses reported rather mixed results, with no 
association with stroke risk [55], decreased risk of stroke 
and no association with CHD [56, 57], decreased risk of 
CHD [58], no association with CVD risk [59], increased 
risk of heart failure [60, 61],compared to these studies, our 
analysis is more complete and provides a general more in 
depth analysis of level of evidence. We generally found no 
strong association with either increased or decreased risk of 
cardiovascular outcomes following the habitual consumption 
of eggs (i.e., one egg per day compared to no intake), with 
exception of risk of heart failure, which resulted higher espe-
cially in men from US cohorts. In contrast, there are more 
consistent results regarding the association between mod-
erate egg consumption (i.e., four eggs per week compared 
to no intake) and lower risk of CVD, especially in spite of 
the stratified analyses involving higher quality studies, for 
which there was lower heterogeneity across results. Also 
when considering the findings from the stratified analyses, 
heterogeneity of the results between studies remained sig-
nificant and rather unexplained. We can hypothesize that 
egg consumption between men and women or across differ-
ent geographical areas may be associated with unmeasured 
lifestyle choices or in the context of different quality of the 
overall diet to motivate the differences observed in these 
strata, another hypothesis is that these strata may also reflect 
genetic unmeasured factors motivating the inter-individual 
variations. After the GRADE assessment, we could not 
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conclude that exist strong evidence of association between 
egg consumption and CVD outcomes, but higher quality 
studies showed a decreased risk of CVD for moderate intake 
of eggs (four per week), while higher risk of heart failure 
was found for higher intake of egg (one per day). Interpre-
tation of these findings is not easy: consuming up to four 
eggs per week may decrease the risk of CVD but increasing 
the intake to one egg per day or more may not be beneficial 
anymore. Nonetheless, we cannot exclude that the pattern 
of the diet and way of cooking might differ depending on 
the frequency of consumption (i.e., individuals with moder-
ate egg consumption may include eggs into specific recipes 
varying the way of cooking while habitual consumers may 
have fried eggs for breakfast together with bacon or other 
unhealthy dietary features). Such hypothesis could explain 
the different risks associated with egg consumption in West-
ern and Eastern Asian countries. This is a common issue 
for nearly all food groups when investigating the relation of 
one single dietary element with health. However, we cannot 
ignore that an association can be observed and, in that case, 
needs further attention.
There is a biological rationale to explain how moderate 
egg consumption might be associated to decreased risk of 
CVD. Eggs have been historically considered a controver-
sial food for nutritional experts and health agencies due to 
its content in cholesterol. However, researchers argue that 
the focus of common dietary guidelines on specific nutri-
ents (i.e., saturated fats) do not take into account that health 
effects varies depending on the specific food source [62]. 
Furthermore, the major attention paid to egg consump-
tion has been based on the assumption that higher dietary 
cholesterol intake would lead to rise in blood cholesterol, 
despite current evidence suggests otherwise [63, 64]. Recent 
meta-analyses showed rise of both LDL and HDL follow-
ing egg consumption in healthy individuals, with minimum 
rise of LDL:HDL ratio (marker of CVD risk) finally lead-
ing to no substantial increased risk profile [63, 64]. Thus, 
the concomitant rise of HDL cholesterol might counteract 
the elevation of LDL, while other components of egg might 
exert potential beneficial effects [65]. Eggs are a highly 
nutritious food providing quality proteins and supplying 
micronutrients, antioxidants, antimicrobials, accompanied 
with great culinary versatility, which may have potential 
benefits to overall health. Some egg proteins, such as phosvi-
tin, ovotransferrin and ovalbumin can inhibit lipid oxidation 
by binding to metal or scavenging free radical [66]. In addi-
tion to protein, eggs also contain a large number of active 
lipid components, such as unsaturated fatty acids, phospho-
lipids, choline, and carotenoids. Eggs are considered a valu-
able source of omega-3 polyunsaturated fatty acids, which 
have been considered to exert a number of health benefits, 
including CVD protection [67]. Eggs are a major source 
of choline, an essential nutrient with critical roles in sev-
eral biological processes including neuronal development, 
cell signaling, and lipid transport and metabolism [68]. Part 
of the choline may undergo conversion to trimethylamine 
by gut microbiota, which in turn is oxidized in the liver to 
trimethylamine-N-oxide (TMAO), agent associated with 
increased atherosclerosis in the coronary vasculature [69]. 
Double blinded clinical trial investigating the effect of 0 to 6 
egg yolks ingested for the breakfast demonstrated that con-
sumption of ≥ 2 eggs results in an increased formation of 
TMAO yet not accompanied by a rise in hsCRP and oxidized 
LDL levels [70]. Phospholipids contained in eggs, including 
phosphatidylcholine, phosphatidylethanolamine, lysophos-
phatidylcholine, sphingomyelin, and some neutral lipids in 
minor quantities, may have, among others, broad effects on 
cholesterol metabolism, HDL functions, and inflammation 
[71]. Egg yolks are also a dietary source of bioavailable 
xanthophyll carotenoids, such as lutein and zeaxanthin, that 
have been shown to exert potential benefits against inflam-
mation and oxidation during early development, childhood, 
and may have lifetime consequences in determining health 
or onset of major diseases in the adult life [72].
Despite the evidence reported, nearly all analyses showed 
substantial heterogeneity of results between studies, lead-
ing to a weakening of the evidence. We hypothesize that 
the certain inconsistency of the results may depend on 
the variability of response to dietary cholesterol between 
individuals and the overall dietary and lifestyle framework 
within populations and individuals. Despite the majority of 
population experience moderate to no difference in blood 
cholesterol following the intake of dietary cholesterol (con-
sequently described as “normal responders”), about a third 
Table 5  Certainty of evidence by GRADE criteria
a Despite better quality studies provided less heterogeneity across 
results
b The analyses showed no evidence for non-linearity of associations
CVD CHD Stroke Heart failure
No. of studies 17 (14) 24 (16) 22 (16) 6 (4)
Downgrade quality of 
evidence
 Risk of bias No No No No
 Inconsistency Yes Yes No No
 Indirectness No No No Yes
 Imprecision No No No No
 Publication Bias No No No No
Upgrade quality of 
evidence
 Large effect No No No No
 Plausible confounding Noa Noa No No
 Dose–response Yesb No Yesb Yesb
Overall quality of evi-
dence
Low Low Moderate Low
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of individuals suffer of an abnormal rise in circulating LDL 
cholesterol (thus described as “hyper responders”) as a result 
of an increase fractional absorption and/or endogenous cho-
lesterol synthesis in response to dietary cholesterol intake 
[73]. An abnormal response to dietary cholesterol has been 
hypothesized to depend on altered cholesterol transport 
due to decreased levels of apolipoprotein E and increased 
of apolipoprotein C-III [74, 75]. Some genes responsible 
for intestinal absorption and biliary secretion of cholesterol 
and phytosterols, such as expression of ATP-binding cassette 
(ABC) transporters G5 (ABCG5) and G8 (ABCG8) [76], 
have been proposed as candidates for better understanding 
of potential genetic influences on egg metabolism. These 
genetic variants might provide the rationale, at least in part, 
for the geographical and sex differences observed in this 
study: however, further studies are warranted to identify 
other genetic markers that may explain the observed vari-
ability in cholesterol absorption/production among the gen-
eral population.
The results of this meta-analysis on heart failure seems 
to provide indication of potential increased risk for habit-
ual consumption (one egg per day) despite this evidence 
was affected by some limitations, including the role of sex: 
while sex seems to act as confounding factor for CVD, 
the observed variation in the direction for risk heart fail-
ure (increased in men and decreased in women) may lead 
to consider sex as an effect modifier. The reasons for such 
finding is not clear. The role of cholesterol abnormalities 
and risk or worsening of heart failure is unknown; data on 
worsening heart failure and lipid moieties are now beginning 
to emerge but conclusions are far to be made [77]. The fact 
that heart failure was the only outcome potentially at higher 
risk following consumption of eggs suggests that alternative 
mechanisms could be responsible for the observed associa-
tion. Interpretation of these differences between sexes makes 
even harder to provide a rationale for this result: as suggested 
in the individual studies included in the meta-analysis, it 
may be possible that the observed difference between sexes 
may depend on the fact that men might be more sensitive 
to high consumption of eggs (or cholesterol) than women, 
or it could be mediated by uncontrolled risk factors asso-
ciated with egg consumption (i.e., bacon) occurring more 
in men than women. Another hypothesis is that individuals 
more sensible to dietary cholesterol presenting blood lipids 
abnormalities may be regular users of statins, which in turn 
are known to increase the risk of atherosclerosis and heart 
failure by promoting arteries calcification and inhibiting the 
biosynthesis of selenium containing proteins, respectively 
[78]: this might explain the mixed results for CHD risk and 
increased risk of heart failure.
Another concern regard the different risk estimates 
observed in diabetic individuals showing an increased risk 
of CVD associated with consumption of one egg per day, 
notably in the different direction than for the general popu-
lation. The increased risk of developing CVD among indi-
viduals with type 2 diabetes may be mainly attributed to the 
impaired cholesterol absorption and synthesis. Studies on 
type 2 diabetic patients with uncontrolled hyperglycemia 
showed higher cholesterol synthesis and plasma lipid con-
centrations [79], including total cholesterol and triglycer-
ide, suggesting unfavorable effects of egg consumption on 
lipid profiles and, consequently, CVD risk. The mechanism 
might be explained, at least partially, by a reduced plasma 
level of campesterol, a marker of cholesterol absorption, and 
increased plasma levels of lathosterol, a marker of choles-
terol synthesis among diabetic people [80]. Moreover, apoli-
poprotein E polymorphism has been associated with higher 
risk of diabetes, and thus diabetic individuals tend to have 
lower serum levels of apolipoptorein E and impaired lipid 
transport [81].
The findings reported in this study should be considered 
in light of some limitations. First, some analyses showed 
substantial heterogeneity: several reasons for such discrep-
ancy of results across studies have been aforementioned, 
but no firm explanation can be drafted at this moment due 
to lack of data. Second, we stratified the analyses testing the 
role of controlling for potential confounding factors known 
to be related to cardiovascular outcomes in the original stud-
ies and revealed the importance of conducting higher qual-
ity studies to observe a decreased risk of CVD associated 
with moderate egg consumption; however, we cannot rule 
out the possibility that residual or unmeasured confounding 
may persist. Third, time-related variables, including poten-
tial reverse causation (i.e., change in dietary intake due to 
diagnosed medical condition or disease), period of evalu-
ation (i.e., baseline assessment or repeated over time), or 
duration of egg intake have been not investigated. Finally, 
the GRADE system may not be the best suit for assessing 
evidence in nutritional epidemiology, as by definition it 
tends to underestimate the strength of the evidence due to 
the observational nature of the studies. However, it helps 
to have a clearer idea of which can be the strengths and 
weaknesses of the studies evaluated (i.e., results from better 
quality studies are less heterogeneous and tend to show a 
decreased risk of CVD for moderate egg consumption) and 
a guide for future investigations.
Conclusion
Given the inconsistency of current findings on egg consump-
tion and risk of CVD, future studies should improve the 
characterization of the population investigated, aiming to 
identify and remove genetic bias, such as the determinants 
of normal/hyper-response to dietary cholesterol. However, 
current evidence is not sufficient to address egg consumption 
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as unhealthy nor to generalize potential detrimental effects 
to the whole population. While waiting for better designed 
and more complete studies overcoming the aforementioned 
limitations and lack of information on genetic profile, there 
may be no need to discourage egg consumption at the popu-
lation level.
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